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(54) Title: DENSIFYING OF A BULK PARTICULATE MATERIAL 
(57) Abstract 

A method of densifying a bulk particulate material includes at 
least partially confining the bulk particulate material, and rotating a 
rotatable member (14) submerged under the bulk particulate material 
about an axis of rotation (16) to cause movement of the material 
particles essentially towards or away from the axis of rotation, thereby 
to provide a densified bulk particulate material. The method is 
particularly suitable for densifying silica fume. The invention extends 
to apparatus for densifying a bulk particulate material. 
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DENSIFYING OF A BULK PARTICULATE MATERIAL 

THIS INVENTION relates to densifying of a bulk particulate material. 
In particular, it relates to a method and to apparatus for densifying a bulk 
particulate material. 

According to a first aspect of the invention, there is provided a 
method of densifying a bulk particulate material, the method including 
at least partially confining the bulk particulate material; and 
rotating a rotatable member submerged under the bulk particulate material 
about an axis of rotation to cause movement of the material particles essentially 
towards or away from the axis of rotation, thereby to provide a densified bulk 
particulate material. 

Thus, at least on initial contact of the material particles with the 
rotatable member, the particles move generally towards or away from the axis 
of rotation. 

Confining the bulk particulate material may include feeding the bulk 
particulate material into a vessel. Typically, the vessel has a wall defining a 
circular cylindrical interior surface. The vessel may have a central, longitudinal 
axis which is coaxial with the axis of rotation of the rotatable member. 

The method may include vibrating the vessel to inhibit 
agglomeration or build-up or caking of the particulate material against interior 
surfaces of the vessel. 
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The method may include discharging the densified bulk particulate 
material from the vessel. It is to be appreciated that the method can be 
conducted on a continuous basis or on a batch basis, discharging of the 
densified bulk particulate material from the vessel and feeding of bulk particulate 
material into the vessel thus occurring batch-wise, or on a controlled basis. 
Thus, the bulk particulate material may be fed on a continuous basis into the 
vessel, and the densified bulk particulate material may be discharged on a 
continuous basis from the vessel. 

The method may include measuring or determining the bulk density 
of the densified bulk particulate material prior to discharging it from the vessel. 
Instead, the method may include measuring or determining the bulk density of 
the densified bulk particulate material after it has been discharged from the 
vessel. 

The method may include controlling the density of the densified bulk 
particulate material. The controlling of the density of the densified bulk 
particulate material may be effected by a method selected from the group 
consisting of manipulating the residence time of the bulk particulate material in 
the vessel, manipulating the angular speed of rotation of the rotatable member, 
manipulating the level of the bulk particulate material in the vessel, or two or 
more of these methods The controlling of the density of the densified bulk 
particulate material is however not necessarily limited to these methods. 

The axis of rotation of the rotatable member may be substantially 
vertical. Preferably, the rotatable member causes movement of the material 
particles inwardly towards the vertical axis of rotation. In another embodiment 
of the invention, the coaxial axis of rotation and longitudinal axis of the vessel 
are at an angle of about 60° to the horizontal. 

The rotatable member may be rotated at an angular speed of 
between 100rpm and 3500rpm. Preferably, the rotatable member is rotated at 
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an angular speed of between 500rpm and 1000rpm. Typically, the rotatable 
member is rotated at an angular speed of between 700rpm and 800rpm, e.g. 
about 732rpm. 

The bulk particulate material may have a mean particle size of less 
than 1mm. Typically, the bulk particulate material has a mean particle size of 
less than 0,5mm, even less than 1//m, e.g. about 0,15//m. 

The method may include extracting dust from the vessel. 

The bulk particulate material may be particulate silica having a 
particle size of the less than 0,5/ym, typically less than 0,2//m. Indeed, it is 
expected that the invention will find particular, though not necessarily exclusive 
application in densifying so-called silica fume. 

The ratio of the density of the silica prior to densifying thereof, to 
the density of the densified silica may be at least than 2:3. Preferably, the ratio 
of the density of the silica prior to densifying thereof, to the density of the 
densified silica is at least 1:2, depending on the density of the silica prior to 
densifying. The ratio can be as large as 1:3, or even larger, depending on the 
density of the silica prior to densifying. 

According to a second aspect of the invention, there is provided 
apparatus for densifying a bulk particulate material, the apparatus including 

a vessel for at least partially confining a body of the bulk particulate 
material; 

a rotatable member which is arranged such that in use it is submerged in 
the body of bulk particulate material and causes movement of the material 
particles essentially towards or away from an axis of rotation when the rotatable 
member is rotated about the axis of rotation; and 

drive means connected to the rotatable member and capable of rotating 
the rotatable member when it is submerged in the body of bulk particulate material. 
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The vessel may have an outlet for densified bulk particulate material 
at a low elevation, and an inlet for bulk particulate material at a higher elevation 
than the outlet. The rotatable member may be located between the inlet and the 
outlet of the vessel. Preferably, the rotatable member is located at the elevation 
of the outlet of the vessel. 

The drive means may be capable of rotating the rotatable member 
at an angular speed of between 100rpm and 3500rpm when the rotatable 
member is submerged in the body of particulate material. Typically, the drive 
means is capable of rotating the rotatable member at an angular speed of 
between 500rpm and 1000rpm when the rotatable member is submerged in the 
body of particulate material, e.g. at about 700rpm to 800rpm. 

The rotatable member may include a plurality of circumferentially 
spaced vanes. The vanes may be directed or arranged in use to displace the bulk 
particulate material generally radially relative to the axis of rotation of the 
rotatable member. Preferably, the vanes are directed or arranged so that the 
movement of the material particles is inwardly towards the axis of rotation when 
the rotatable member is rotated, at least on initial contact of the material 
particles with the rotatable member. 

The rotatable member may include a disk-shaped body from which 
the vanes project. The vanes may project from a surface of the disk-shaped 
body which is an upper surface in use. Instead, the vanes may project radially 
outwardly from a periphery of the disk-shaped body. 

The vanes may be planar and may be substantially tangential to a 
drive shaft connecting the drive means to the rotatable member. A radially inner 
end portion of each vane may be truncated so that the radially inner end of the 
vane forms an angle of between 15° and 60° with the axis of rotation in the 
plane of the vane. Preferably, the angle is between 20° and 50°, e.g. about 
30°. 
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The vessel may have a wall defining a circular cylindrical interior 
surface, and a central, longitudinal axis which may be coaxial with the axis of 
rotation of the rotatable member. The ratio of the diameter of a circle described 
by the rotatable member when it rotates, to the diameter of the vessel may be 
between 0,25:1 and 0,99:1. Preferably, the ratio is between 0,5:1 and 0,99:1. 
Typically, the ratio of the diameter of the circle described by the rotatable 
member when it rotates, to the diameter of the vessel is between 0,9:1 and 
0,99:1, e.g. about 0,95:1. 

The vessel may have a volume of between 0,1m 3 and 200m 3 . 
Typically, the vessel has a volume of between 0,1m 3 and 0,5m 3 . 

The axis of rotation of the rotatable member may be substantially 

vertical. 

The apparatus may include conveying means and bagging means, 
the conveying means being arranged to convey densified bulk particulate material 
from the vessel to the bagging means for bagging the densified bulk particulate 
material. 

The apparatus may include vibration means for vibrating the vessel 
to inhibit agglomeration or caking or build-up of the particulate material against 
interior surfaces of the vessel. 



The apparatus may include dust extraction means for extracting 
dust from the vessel. 

The rotatable member and interior surfaces of the vessel may be 
coated with a material which inhibits caking or agglomeration or build-up of the 
bulk particulate material against or on them. 
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The apparatus may include density measurement means and control 
means for controlling the bulk density of the densified bulk particulate material. 

The invention will now be described, by way of example, with 
reference to the accompanying diagrammatic drawings and examples. 

In the drawings 

Figure 1 shows a sectioned elevational view of one embodiment of 

apparatus in accordance with the invention for densifying a bulk particulate 

material- 
Figure 2 shows a three-dimensional view of a rotatable member of the 

apparatus of Figure 1 ; 

Figure 3 shows a sectioned elevational view of another embodiment of 

apparatus in accordance with the invention for densifying a bulk particulate 

material; and 

Figure 4 shows a three-dimensional view of a rotatable member of the 
apparatus of Figure 3. 

Referring to Figure 1 of the drawings, reference numeral 10 
generally indicates one embodiment of an apparatus in accordance with the 
invention for densifying a bulk particulate material. The apparatus 10 includes 
a vessel 12 for containing and confining the bulk particulate material, and a 
rotatable member 14 which is in use submerged in the bulk particulate material 
contained in the vessel 12, and which is rotatable about a vertical axis of 
rotation 16. 

The vessel 12 includes a circular cylindrical wall 18 which defines 
a circular cylindrical interior surface 20 of the vessel 12. Thus, the vessel 12 
has a central, longitudinal vertical axis which corresponds or which is coaxial 
with the axis of rotation 16. In another embodiment of the invention, the axis 
of the vessel and the axis of rotation may be angularly disposed relative to the 
horizon, e.g. at an angle of about 60°. 
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The vessel 12 includes an inlet 22 for the bulk particulate material, 
and an outlet 24 for densified bulk particulate material. The inlet 22 is located 
in a roof 26 of the vessel 12, and the outlet 24 is located in a floor 28 of the 
vessel 12. 

The rotatable member 14 is located between the inlet 22 and the 
outlet 24. The rotatable member 14 is mechanically attached to a drive shaft 
30, which is in turn drivenly connected to an electric motor (not shown). The 
electric motor is capable of selectively rotating the rotatable member 14 at an 
angular speed of between 2600 and 3000rpm. 

The rotatable member 14 includes a disklike body 32 from which 
a plurality of circumferentially spaced planar vanes 34 projects. The vanes 34 
are directed or arranged in use to displace the bulk particulate material contained 
in the vessel 1 2 inwardly towards the axis of rotation 1 6. The vanes 34 project 
from a surface 36 of the disklike body 32 which is an upper surface in use. 

The disklike body 32, and thus the rotatable member 14, has a 
diameter of 720mm. The vessel 1 2 has an internal diameter of about 800mm. 
Thus, a ratio of the diameter of the rotatable member 14 : the diameter of the 
vessel 1 2 is 0,9:1 . 

The drive shaft 30 extends through the roof 26 of the vessel 12. 
A seal 38 is provided between the drive shaft 30 and the roof 26. 

A conveyor belt 40 is provided underneath the outlet 24. 



A dust extraction outlet (not shown) is provided for the vessel 12, 
and a vibrator (not shown) is mounted against the exterior surface of the wall 
18. 
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In use, the vessel 12 is fed on a controlled basis with bulk 
particulate material 44, as shown by arrow 42, to maintain a level 46 of the bulk 
particulate material in the vessel 1 2sufficient to cover the rotatable member 14. 

The submerged rotatable member 14 is rotated at an angular speed 
5 of about 2900rpm, in the direction of arrow 48, by means of the electric motor 

and the drive shaft 30. The vanes 34 displace the particles of the bulk 
particulate material inwardly towards to the axis of rotation 1 6 and densifies the 
bulk particulate material. The vibrator is run to inhibit caking of the bulk 
particulate material against interior surfaces of the vessel 12, and dust which is 
10 formed is extracted through the dust extraction outlet. 

The densified bulk particulate material is discharged through the 
outlet 24 as shown by arrow 50 on to the conveyor belt 40, which moves in the 
direction of arrow 52. The density of the densified bulk particulate material on 
the conveyor belt 40 is measured by density measurement and control means 
15 (not shown), which increases or decreases the discharge rate of the densified 

bulk particulate material from the vessel 1 2, thereby increasing or decreasing the 
residence time of the bulk particulate material in the vessel 12, in order to 
densify the bulk particulate material to a desired bulk density. 

Referring to Figure 3 of the drawings, another embodiment of 
20 apparatus in accordance with the invention for densifying a bulk particulate 

material is generally indicated by reference numeral 100. The apparatus 100 is 
similar to the apparatus 10, and unless otherwise indicated, the same reference 
numerals used in relation to the apparatus 10, are used to indicate the same or 
similar parts or features of the apparatus 100. 

25 The apparatus 1 00 includes a rotatable member 1 02, which is more 

clearly illustrated in Figure 4 of the drawings. As can be seen in Figure 4, the 
vanes 34 are vertical and planar, and are substantially tangential to the drive 
shaft 30 (not shown) in Figure 4, which is operatively connected to the rotatable 
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member 102. An inner end portion of each vane 34 is truncated so that the 
radially inner end 35 of each vane 34 forms an angle of about 30° with the axis 
of rotation of the rotatable member 34, in the plane of the vane 34. 

The rotatable member 102 is located at the elevation of the outlet 
24 of the vessel 1 2. The outlet 24 is provided in a lower portion of the wall 1 8 
of the vessel .12. A manually operated outlet cover 104 is provided to control 
the rate of release of densified bulk particulate material from the vessel 12 in 
use. 

The drive shaft 30 is rotatably mounted to a support member 31 by 
means of two plummer blocks 33 and is operatively connected to an electric 
motor 106, by means of a drive belt 108 and two pulleys 110, 112. The 
arrangement of the motor 1 06 and the pulleys 1 10, 1 1 2 is such that, in use, the 
motor 1 06 is capable of rotating the rotatable member 1 02 at an average speed 
of between 700rpm and 800rpm. 

The vessel 12 and motor 106 are mounted on a support structure 

114. 

The vessel 12 has an internal diameter of about 576mm, and a 
height of about 1500mm. The rotatable member 102 has a diameter of about 
550mm. Thus, the ratio of the diameter of the rotatable member 102 to the 
diameter of the vessel 12 is about 0,95:1. 

The apparatus 1 00 is used in similar fashion to the apparatus 1 0 to 
densify bulk particulate material. Thus, bulk particulate material is fed into the 
vessel 1 2 through the inlet 22 to maintain a level of the bulk particulate material 
in the vessel 1 2 sufficient to cover the rotatable member 1 02, and the rotatable 
member 102 is rotated at an angular speed of about 732rpm by means of the 
electric motor 106 and drive shaft 30. The vanes 34 displace the material 
particles inwardly towards the axis of rotation of the rotatable member 102 and 
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densities the bulk particulate material. The densified bulk particulate material is 
discharged periodically through the outlet 24 onto the conveyor belt 40 by 
means of a shoot 1 16. The conveyor 40 conveys the densified bulk particulate 
material to a bagging plant (not shown), which bags the densified bulk 
particulate material. 

EXAMPLE 1 

1000g of an undensified or raw silica fume at room temperature 
was placed in a laboratory scale cylindrical container having an internal diameter 
of about 1 55mm and a height of about 300mm. The undensified silica fume had 
the following composition: 





% (w/w drv basis) 


Fe 2°3 


0,15 


CaO 


0,20 


Al 2 0 3 


0,15 


MgO 


0,40 


Na 2 0 


0,15 


K 2 0 


0,50 


MnO 


0,02 


Ti0 2 


0,06 


P 2°5 


0,10 


C 


5,0 


S 


0,25 


Ni 


0,03 


Zn 


0,03 


Pb 


0,003 


Cu 


0,002 


Co 


0,002 


Si0 2 


92,953% 
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The pH (5g/1 OOml distilled water) of the undensified silica fume was 
between 6,5 and 7,8, it had a moisture content of about 0,4% and a mean 
particle diameter of about 0,1 5//m. The bulk density of the undensified silica 
fume was about 281,7kg/m 3 . 

A rotatable member as shown in Figure 2 of the drawings, and 
having a diameter of about 135mm, was submerged in the silica fume in the 
container, and was rotated at an angular speed of about 3000rpm for a period 
of about 1 50 seconds to densify the silica fume. The densified silica fume was 
removed from the container, and its density was determined. It was found that 
the densified silica fume had a density of about 623,7kg/m 3 and a temperature 
of 69°C. 

EXAMPLE 2 

The apparatus 100 was used to densify silica fume of unknown 
composition. Sixteen runs were conducted, and the results are summarised in 
the following table. For each run, the rotatable member 102 was rotated at an 
angular speed of 732rpm and was ramped up to speed within about 3 seconds, 
and again stopped, after completion of the run, in about 3 seconds. 
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It is an advantage of the invention, as illustrated, that it provides a 
cost effective method and apparatus for densifying a bulk particulate material, 
such as silica fume. It is a further advantage of the invention, as illustrated, that 
the method and apparatus are capable of densifying a silica fume to a higher bulk 
density than conventional methods and apparatus used for the densifying of 
silica fume. 
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CLAIMS 

1 . A method of densifying a bulk particulate material, the method including 
at least partially confining the bulk particulate material; and 

rotating a rotatable member submerged under the bulk particulate material 
about an axis of rotation to cause movement of the material particles essentially 
towards or away from the axis of rotation, thereby to provide a densified bulk 
particulate material. 

2. A method as claimed in claim 1, in which confining the bulk particulate 
material includes feeding the bulk particulate material into a vessel. 

3. A method as claimed in claim 2, in which the vessel has a wall defining 
a circular cylindrical interior surface, the vessel having a central, longitudinal axis 
which is coaxial with the axis of rotation of the rotatable member. 

4. A method as claimed in claim 2 or claim 3, which includes vibrating the 
vessel to inhibit agglomeration or build-up or caking of the particulate material 
against interior surfaces of the vessel. 

5. A method as claimed in any one of claims 2 to 4 inclusive, in which the 
bulk particulate material is fed on a continuous basis into the vessel, and which 
includes discharging the densified bulk particulate material on a continuous basis 
from the vessel. 

6. A method as claimed in any one of claims 2 to 5 inclusive, which includes 
controlling the density of the densified bulk particulate material, the controlling 
of the density of the densified bulk particulate material being effected by a 
method selected from the group consisting of manipulating the residence time 
of the bulk particulate material in the vessel, manipulating the angular speed of 
rotation of the rotatable member, manipulating the level of the bulk particulate 
material in the vessel, or two or more of these methods. 
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7. A method as claimed in any one of the preceding claims, in which the axis 
of rotation of the rotatable member is substantially vertical, and in which the 
rotatable member causes movement of the material particles essentially inwardly 
towards the axis of rotation. 

8. A method as claimed in any one of the preceding claims, in which the 
rotatable member is rotated at an angular speed of between 100rpm and 
3500rpm. 

9. A method as claimed in claim 8, in which the rotatable member is rotated 
at an angular speed of between 500rpm and 1000rpm. 

10. A method as claimed in claim 9, in which the rotatable member is rotated 
at an angular speed of between 700rpm and 800rpm. 

11. A method as claimed in any one of the preceding claims, in which the bulk 
particulate material has a mean particle size of less than 1mm. 

12. A method as claimed in claim 10, in which the bulk particulate material 
has a mean particle size of less than 0,1mm. 

1 3. A method as claimed in any one of the preceding claims, in which the bulk 
particulate material is particulate silica having a particle size of less than 0,5//m. 

14. A method as claimed in claim 1 3, in which the ratio of the density of the 
silica prior to densifying thereof, to the density of the densified silica is at least 



2:3. 



15. A method as claimed in claim 14, in which the ratio of the density of the 
silica prior to densifying thereof, to the density of the densified silica is at least 
1:2. 
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16. Apparatus for densifying a bulk particulate material, the apparatus 
including 

a vessel for at least partially confining a body of the bulk particulate 
material; 

a rotatable member which is arranged such that in use it is submerged in 
the body of bulk particulate material and causes movement of the material 
particles essentially towards or away from an axis of rotation when the rotatable 
member is rotated about the axis of rotation; and 

drive means connected to the rotatable member and capable of rotating 
the rotatable member when it is submerged in the body of bulk particulate 
material. 

17. Apparatus as claimed in claim 16, in which the vessel has an outlet for 
densified bulk particulate material at a low elevation, and an inlet for bulk 
particulate material at a higher elevation than the outlet, the rotatable member 
being located at the elevation of between the inlet and the outlet of the vessel. 

18. Apparatus as claimed in claim 16 or claim 17, in which the drive means 
is capable of rotating the rotatable member at an angular speed of between 
100rpm and 3500rpm when the rotatable member is submerged in the body of 
particulate material. 

19. Apparatus as claimed in claim 18, in which the drive means is capable of 
rotating the rotatable member at an angular speed of between 500rpm and 
1000rpm when the rotatable member is submerged in the body of particulate 
material. 

20. Apparatus as claimed in any one of claims 1 6 to 1 9 inclusive, in which the 
rotatable member includes a plurality of circumferentially spaced vanes directed 
or arranged so that the movement of the material particles is essentially inwardly 
towards the axis of rotation when the rotatable member is rotated. 
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21. Apparatus as claimed in claim 20, in which the vanes project from an 
upper surface of a disk-shaped body. 

22. Apparatus as claimed in claim 20 or claim 21, in which the vanes are 
planar and are substantially tangential to a drive shaft connecting the drive 
means to the rotatable member. 



23. Apparatus as claimed in any one of claims 20 to 22 inclusive, in which a 
radially inner end portion of each vane is truncated so that the radially inner end 
of the vane forms an angle of between 15° and 60° with the axis of rotation in 
the plane of the vane. 

24. Apparatus as claimed in any one of claims 1 6 to 23 inclusive, in which the 
vessel has a wall defining a circular cylindrical interior surface, and in which the 
vessel has a central, longitudinal axis which is coaxial with the axis of rotation 
of the rotatable member, the ratio of the diameter of a circle described by the 
rotatable member when it rotates, to the diameter of the vessel being between 
0,25:1 and 0,99:1. 

25. Apparatus as claimed in claim 24, in which the ratio of the diameter of the 
circle described by the rotatable member when it rotates, to the diameter of the 
vessel is between 0,9:1 and 0,99:1 . 

26. Apparatus as claimed in any one of claims 1 6 to 25 inclusive, in which the 
vessel has a volume of between 0,1m 3 and 200m 3 . 

27. Apparatus as claimed in claim 26, in which the vessel has a volume of 
between 0,1m 3 and 0,5m 3 . 

28. Apparatus as claimed in any one of claims 1 6 to 27 inclusive, in which the 
axis of rotation of the rotatable member is substantially vertical. 
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29. Apparatus as claimed in any one of claims 16 to 28 inclusive, which 
includes conveying means and bagging means, the conveying means being 
arranged to convey densified bulk particulate material from the vessel to the 
bagging means for bagging the densified bulk particulate material. 

5 

30. Apparatus as claimed in any one of claims 16 to 29 inclusive, which 
includes vibration means for vibrating the vessel to inhibit agglomeration or 
caking or build-up of the particulate material against interior surfaces of the 
vessel. 

10 

31 . A method of densifying a bulk particulate material as claimed in claim 1 , 
substantially as herein described and illustrated. 

32. Apparatus for densifying a bulk particulate material as claimed in claim 1 6, 
is substantially as herein described and illustrated. 

33. A new method, or new apparatus, substantially as herein described. 
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